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Experiments on reactor noise were conducted at KUR. Depending on the operating condition of the reactor, the cause of the noise are classified into the following four types.
(1) Zero-power noise source due to the branching process of fission neutrons and/or due to random bombardment of neutrons to the detector-under natural circulation of coolant and at essentially zero-power level.
(2) Coolant temperature fluctuation due to natural convection-under natural circulation and at relatively high power level. Then the noise sources of the types (3) and (4) were verified.
The vibration of a control rod has a broad spectrum in low frequency region .besides the large peak at 14 Hz. (a) Under natural circulation of coolant and below 1 kW power level the relative variance of neutronic noise is inversely proportional to the power level (Fig. 2) . This result shows the behavior of the well-known zero power noise. (b) At 1 kW power level the magnitude and the frequency spectrum show quite different features between under natural and forced circulation. The former has white noise spectrum due to the random bombardment of neutrons on the detector, while the latter has non-white spectrum and larger magnitude (Fig. 3) . The components below 0.1 Hz in the former spectrum are probably due to the coolant temperature fluctuation caused by decay heat of fission products which had been accumulated in the fuel. The heat was probably more than several kilowatts. (c) The zero-power noise due to fission neutron branching process is observed with in-core fission chamber at 10 W power level (Fig. 4) . . From these facts the sources of the neutronic noise in KUR are inferred to be classified into the following four types.
(1) Zero power noise due to random bombardment of neutrons on a detector and/or due to branching process of fission neutrons under natural circulation of coolant and below 1 kW.
(2) Temperature fluctuation of water coolant due to natural convection at relatively high power level. This noise source has already been affirmed by the foregoing noise analysis at KUR by Utsuro et al. (14) and the simulated out-of pile experiments on coolant temperature fluctuation in a natural convection water In the following the noise sources of the types (3) and (4) are fully examined . In order to measure the inlet coolant temperature three chromel-alumel sheathed thermocouples of 1 mm dia. were fixed at about 10 cm above the fuel elements 3-d, 6-c and 7-c in Fig . 1 . The thermocouple coating was removed for a distance of about 5 mm at the tip , and elements were spot-welded together. Then the 10% to 90% rise time obtained was about 10 msec which is adequately short for the rise of the coolant through the core at 2.8 MW and 500 m3/hr is about 5dc which is nearly the same as that at 5 MW and 735 m3/hr, it is natural that the strong fluctuation were observed on both operating conditions.
Finally the noise source of type (3) which was suspected to be the vibration of control rods was examined.
The control rods of KUR consist of four shim rods and one regulating rod whose worth is about 1/8 of a shim rod. Effective part of a shim rod has the shape of rounded rectangular measuring 2.2 cm x 5.7 cm in cross section and 69 .5 cm long, which is connected to the control drive mechanism located at the top of the reactor by a long pipe measuring 3.0 cm diam . and 567 cm long.
From the standpoint of safety it was not allowed to measure the vibration of any one of the shim rods itself . As a substitute a spare shim rod which was the same size and worth as those was inserted in the core and its vibration was measured.
The core configuration at that time is shown in Fig. 12 . The location of spare shim rod was 2-f which was surrounded by fuel elements.
A inductance type vibration-sensor was fixed to the top of a mockup fuel element that had the same size as the fuel elements and was located at the position 2-d, from which a pickup of the sensor was stretched out to the spare shim rod. Its reliability had already confirmed by a measurement in JRR-4(10). Calibration of the vibration amplitude to the output signal was performed with the spare rod itself prior to the measurement. 
IV . CONCLUSIONS
(1) Depending on the operating condition of the reactor the causes of the noise of KUR are classified into the four types, which are summarized in Table 1 . 
